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1 

SECOND-ORDER CANONICAL ACTIVE FILTER 

This invention relates to an active ?lter circuit and 

2 
FIG. 3 is a schematic circuit diagram of a third em 

bodiment of the second-order canonical RC-active 
high-pass notch filter which provides any required gain; 
and 

more particularly to ahigh-pass notch ?lter which may 5 FIG. 4 is a typical response curve of gain vs fre~ 
have greater than unity gain in the pass band and that quency for the ?lter illustrated in the embodiment of 
is realized utilizing RC components in conjunction with FIG. 1. 
a single differential ampli?er. DESCRIPTION OF THE PREFERRED 

BACKGROUND OF THE INVENTION 10 EMBODIMENTS 

Resistive-capacitive (RC) active filters are of consid- In the embodiment illustrated in the accompanying 
erable interest to integrated circuit designers. An RC- drawings, the components are designated by reference 
active realization of a high-pass notch ?lter utilizing a characters, the relative values of which will be such as 
differential ampli?er and only two capacitors is de- to satisfy the equations found in the following detailed 
scribed in “A Single Operational Ampli?er Biquadratic 15 description. 
Filter Section” by J. J. Friend, 1970 IEEE Int.Symp- . . . 
.Circuit Theory (Atlanta, Ga., Dec. 14, 1974) pp. Fllter Reahzanon 
179-180. However, filters of this type cannot attain a The second-order high-pass notch ?lter to be realized 
gain higher than unity. The main drawback in the sensi- has the voltage transfer function 
tivity of most such canonical notch realizations is that 20 ‘ 
their pole frequencies depend upon the d-c ampli?er _ 2+ 2 . . m>= G ——-=L—Qb—- (1) 

gal“, A0‘ :2 + Ash-3 + (0,2 

STATEMENT OF THE INVENTION 

The disadvantages of prior ?lters of the above-men-' 25 Where G ,2 1 and W=< We 
tioned type are overcome by the present invention The second-order canonical active ?lters illustrated 
which, in accordance therewith, there is provided a in FIGS- l, 2 and3 each comprise an input terminal 10 
second-order canonical active ?lter comprising a dif- for connecting an input voltage V,- thereto and an out 
ferential ampli?er, and separate impedances connected Put terminal 11 for connecting an output voltage V,, 
between each of the input terminals of the differential 30 therefrom. In addition, each include a single opera 
ampli?er and each of the input, output and common tional ampli?er A(s) having a differential input, and an 
terminals of the ?lter. Additionally, both of the imped-v output which is connected to the output terminal 11. 
ances connected to one of the ?lter terminals are resis- A150, each 0f the ?lters includes a ?rst Set Of imped 
?ve-capacitive while the other impedances connected .ance arms 12 and 13 connected between the input 
to the other two ?lter terminals are resistive only. The 35 terminal 10 and the inverting and non-inverting inputs 
impedances in turn co-act with the differential ampli- respectively of the operational ampli?er A(8); 8 second 
tier to provide a high-pass notch ?lter. Such a ?lter set of impedancev arms 14 and 15' connected between 
utilizes fewer resistors than the prior art ?lters and can the Output terminal. 1 1 and the inverting and non 
employ two equal capacitors. inverting inputs respectively of the ampli?er A(s); and 
The invention also encompasses alternate embodi- 40 a third Set Of impedance arms 16 and 17 eonneeted 

ments which can provide stable operation of the high- between the inverting and non-inverting inputs and the 
pass notch filter. They can be utilized if the required common or ground terminal. 
gain is less than unity. Two of the sets of impedance arms contain resis 

tances R3, R4, R5 andt-R6 only, while the remaining set 
BRIEF DESCRIPTION OF THE DRAWINGS 45 includes a series RC network of resistance R1 and ca 

Example embodiments of the invention will now be pacitance Ci and-.ashunt RC network of resistance R2 
described with reference to the accompanying draw- and capacitance C2‘- In each of the embodiments, the 
ings in which: RC networks are contained in a different set of arms of 
FIG. 1 is a schematic circuit diagram of one embodi- the ?lter. However, all three embodiments are such as 

ment of a second-order canonical RC-active high-pass 50 'to satisfy the overall transfer function of the network 
notch ?lter which provides a gain greater than or equal which is given by equation (1) 
to unity; ‘ 
FIG. 2 is a schematic circuit diagram of a second FIRST EMBODIMENT 

embodiment of the second-order canonical RC-active In the ?rst embodiment, the RC networks are 6011 
high-pass notch filter which provides a gain less than 55 neeted in the two input arms 12 and 13 as Shown in 
unity; FIG. 1. The voltage transfer function of ‘this network is 

given by: ' 

s + l + I V 
me. 5 , l s ' R c . l l ' 

T(s)=' , ~k. I Am +k. ‘l’ - ETC-.- —1 
5+ 11...,6. “‘ R..,c, “L R..,C= H R"l C. 

._1__ ___l__ k: 1 
s2“ ' "2) H me, + R...,cz _ Rmc, ) + R,R":C,C, (2) 

— l 1 l l \ l l l 

‘2 (A(s) H‘) J" i: no) (mqc. ’' R..,C.) +k" ( Rec: + Rap) “ Inc. 1* 
l [ l R"; Rm.) 

‘ Req‘RIu,CIC2 4(5) + k‘ R: k|R3I 
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and A(s) is the ampli?er open loop gain. To determine the design formulae for the elements 
The transfer function in equation (2) will give a high- 15 values, let: 

pass notch response whose pole frequency is indepen 
dent of the ampli?er d-c gain A0, under the conditions 2 _ R'aQ (12) 

. Y _ RWIC, 

R" R0: Cl 20 
kz= R l + '—-'——R 1C (notch condition) (3) Hence frOm (9) 

I m: 2 

_ 1 

and R¢qCw— “,0 (13) 

R" R1 5 d f 10 
kI = R—(p0le independence condition) (4) an tom ( ) 

3 l5 

_ _ _ —l = _ 91L ‘4 

Using equations (3) and (4) and rearranging (2), the y Q" (l (“n2 ) ( ) 
transfer function can now be written as 

| 

_ 1—/<z 82 + R,R,c,c2 
T(s) — I k 2 + S l l 1 (5) 

A(s) + I S l mm R,q c, 12,, c2 + 
1+ 17- ‘ ’ i (5) 

__\__ ,_ M 1 + __1___ 
RWICI 12,122 R". R": c,c,_ I 

where only the coefficient of s is dependent on the From (7)’ (8)’ (9) and (3); 
open loop gain A(s). As A(s) tends to w in the ideal 40 
case. 

2 ‘_ 
1—kz ‘ + Rance <6) 

m) “ k ' ' R R 

' 9+ 1 1 "I "z 1 + l 
s R..,c. R.R2 R", R..,C.C2 

Comparison of equations (1) and (6) gives: 
’ 50 

= ML=L= __I3L_ (0,2 1 R". R 1 1 
G k: R45 1 R4 (7) G wnz = T RI = (6+ R: R26 _ ‘Y2 

+ _ 

. _ l Rs 
‘"1’- R,R-_,ClC2 (8) 

I 55 Solving the above equation for 
we = ""—. (9) R", Rqqo 

G L, and R5 

R R 
“'0 l I01 I02 I w 2 l I ‘ 

Q” = Rmlcl (1— RIR2 ) = Reqlcl (1 ‘L002 ) (‘0) 60 the only possible solution is: 

Equations (7)-(l0) together with (3) and (4) give 
only six relations in the eight circuit elements. As R2 
can be the variable impedance level parameter, one 
condition can be arbitrarily chosen, for example: 

Cl C, C (11) 

G. (15) 

65 
Thus for a given impedance level R2, equation (15) 
determines R5. 
Then, 



3,993,959 

(16) 

and 

R, _ l 
G ~12, 1+ T 

For the case of equal capacitors: 

Thus R8,,‘ can be found from (13) and R0,,‘ can be 
calculated from (9). As: 

then substituting from (15) in the above relation, R2 
can be found. Consequently, equations (l5), (l6) and 
(20 )—( 22) can be used to obtain the required new val 

_ ‘0 ues for R5, R4, R3, R1 and R6 respectively. 
R 

R..,= —'—;Z (18) SECOND EMBODIMENT 
1 In the second embodiment, the RC networks are 

C.=C1=C= Tim-7f‘- (lgl connected in the two feedback arms 14 and 15, as 
m‘ 5 illustrated in FIG. 2. Following a design analysis similar 

Once R is known then_ to that outlined above, it can be shown that this net 
“! ’ ' work also provides a stable operation of the high-pass 

R ' notch characteristics ‘defined in equation (1). 
.11.: ii: "1 = __R=____= ___l___ (20) Here R8,,l and R", ‘are de?ned as: 
R, R, c G(Rs+GRz) 6(1 +11) 20 - , 

and Ru,l = R, l/ R; // R; 

R 2 z 2 R); 
_'_"1__ ££z__ w:,l__ '"=,_“___ R,=R+R =R+—;'-— 
R. ""G a,’ _ G to: 125+ GR, _ on,’ 1+0: ‘21125 ”* ’ “ ’ R.+R. 

Finally: The design parameter 7 is still defined as in (12), 

(*+w‘:)0 (1+*% RN] _ I __ ( R"! R"! \ = 7 W42 7 (Ha: (22) 
R. R. R3 I cw 

Equations (15) - (22) give the design procedure. All 
the elements values are positive when: 

(A) 

we 

and 

G > (B) 

The maximum value of the right-hand side of condi 
tion (B) is unity when 71 = 1. This quantity decreases as 
‘)1 increases. Hence condition (B) is always satisfied 
when (A) is. ‘ 
Condition (A) is not a severe restriction however. 

For example, the maximally ?at approximation for a 
second-order transfer function requires that: 

TUNING PROCESS 

When it is possible to trim resistors in order to com 
pensate for errors in the two capacitors so that the 
network’s frequency response satis?es the exact ?lter 
requirements, the tuning process can be performed by 
?rst measuring the two capacitors C1 and c2. Hence the 
six relations, equations (3), (4) and (7)—(l0) can be 
used to determine the required values of ‘the resistive 
elements. Note that equations (13)—( 15) are still satis 
?ed here. 

35 satisfying (14), while the parameter a is defined by: 

40 The pass-band gainte‘f this network is always less than 
or equal to unity as ,, . 

/(1+ 21.); I' 
If R2 was chosen ‘as-the variable impedance level 

parameter and the two capacitors were to be equal, the 
design formulae can be ‘summarized‘as follows: 

45 

65 

For all the elements values to be positive, condition 
(A) must be satisfied, while condition (B) will be 
changed to: 
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The quantity in the right-hand side has a maximum 
value of unity when y = l and a minimum value of 

nai 

when 'y tends to 99. 

THIRD EMBODIMENT 

In the third embodiment the two RC networks are 
connected in the ground branches 16 and 17 as shown 
in FIG. 3. This network also gives a stable high-pass 
notch filter whose voltage transfer characteristics are 
as defined in (I), but include a phase shift of 180°. 
This modi?cation is the most ?exible as its pass-band 

gain can have any required value higher or lower than 
unity, since 

and 

R": = R2 // R4 // Ra 

while the parameter y is 

With R1 as the variable impedance level parameter 
and the two capacitors equal, the following design for 
mulae can be easily obtained. 

20 
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8 
All the elements values will be positive, provided that 

only condition (A) is satis?ed. 
Examination of the sensitivities of the second and 

third embodiments discussed above, revealed that the 
?rst embodiment has the lowest active Q0 sensitivity for 
the same filter speci?cations. Also, from the point of 
view of elements values spread, the ?rst embodiment is 
better than the third embodiment, while the latter is 
better than the second. All three different con?gura 
tions are limited to the same allowable range of pole-Q 
variation, fixed by condition (A). 

PRACTICAL EXAMPLE 

Referring again to the embodiment illustrated in FIG. 
1, the required filter is a 60 Hz rejection filter with gain 
higher than unity, having the following speci?cations: 

Finite high frequency gain = 4 
Attenuation at 60 Hz > 21.5 dB 
Attentuation at 180 Hz < 3.5 dB 
For f > 300 Hz, attenuation must be < 0.3 dB. 
Using a maximally ?at approximation, the pole-Q, Q, 

was chosen to be unity so as to accommodate for the 
required attenuation at 60 Hz with i 5% change. This 
leads to: 

For the equal capacitance case and choosing an im 
pedance level R2 = 125K!) the elements values are: 

R3 = 50x0 
R6 = 10x0 

A typical response of such a ?lter is illustrated in 
FIG. 4. To illustrate the effect of varying the gain, the 
same ?lter is designed with unity gain. The new ele 
ments values are: 

R3 = 12.5KQ 
R6 = 25KO. 

The second-order canonical ?lters presented here 
can realize high-pass notch characteristics with any 
gain requirement. Gain higher than unity is achieved at 
the expense of higher passive sensitivities and SA Q , 
although the pole frequency and the zeros are com- _ 
pletely independent of the ampli?er d-c gain. SA Q is 
the sensitivity of the active pole-Q (Q,,) with respect to 
the d-c ampli?er gain, thus: - 

When the‘ gain required is unity, better passive and 
active sensitivities are achieved as compared to previ 
ous canonical designs and only five resistors are re 
quired. Such active ?lters are easily tunable through a 
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measure and trim process, as described above. The 60 
Hz rejection filter designed according to the procedure 
outlined, satis?es all the requirements, even with :t5% 
capacitors variations. 
What is claimed is: , 

l. A second-order canonical active ?lter comprising: 
input, output and common terminals; 
a differential ampli?er having inverting and nonin 

verting inputs, and an output, the output of the 
differential ampli?er being connected to said out 
put terminal; 

a ?rst set of impedances including ?rst and second 
impedance arms connected between said inverting 
and noninverting inputs respectively and said input 1 
terminal; , 

a second set of impedances including third and fourth 
impedance arms connected between said inverting 
and noninverting inputs respectively and said com 
mon terminal; 

a third set of impedances including fifth and sixth 
impedance arms connected between said inverting 
and noninverting inputs respectively and said out 
put terminal; 

each of the impedance arms of one of said sets being 
complex resistive-capacitive impedances and the 
other impedance arms of the other two sets being 
resistive, 

said impedances coacting with said differential am 
pli?er to provide a notch ?lter. 

2. A second-order canonical active ?lter as de?ned in . 
claim 1 in which: 
the ?rst arm includes a ?rst resistor and a ?rst capaci 

tor connected in series; 
the second arm includes a second resistor and a sec 
ond capacitor connected in shunt; and 

the third, fourth, ?fth and sixth arms include third, 
fourth, ?fth and sixth resistors respectively. 
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10 
3. A second-order canonical active ?lter as de?ned in 

claim 1 in which: 
the third arm includes a ?rst resistor and a ?rst ca 
pacitor connected in series; 

the fourth arm includes a second resistor and a sec 

ond capacitor connected in shunt; and 
the ?rst, second, ?fth and sixth arms include third, 

fourth, ?fth and sixth resistors respectively. 
4. A second-order canonical active ?lter as de?ned in 

claim 1 in which: 
the ?fth arm includes a first resistor and a ?rst capac 

itor connected in shunt; 
the sixth arm includes a second resistor and a second 

capacitor connected in series; and 
the ?rst, second, third and fourth arms include third, 

‘ fourth, ?fth and sixth resistors respectively. 
5. A second-order canonical active filter comprising: 
input, output and common terminals; ' 
a differential ampli?er having inverting and nonin 

verting inputs, and an output, the output of the 
differential ampli?er being connected to said out 
put terminal; ‘ 

six separate impedances each being connected be 
tween a different one of said ampli?er inputs and 
one of said terminals; 

both of said impedances connected to one of said 
terminals being resistive-capacitive, and the imped 
ances connected to the other two terminals being 

resistive; 
the impedances coacting with the differential ampli 
?er to provide a notch ?lter. 

6. A second-order canonical active ?lter as de?ned in 
claim 5 in which one impedance connected to said one 
terminal is a serially connected resistor and capacitor, 
and the other impedance connected to said one termi 
nal is a shunt connected resistor and capacitor. 

* * * * * 


